Abstract -Secondary amides react smoothly with benzylated glycosyl chlorides in the presence of a silver salt to give a new class of imidates which can be used in a novel method of a-glycoside synthesis. A practical and stereospecific approach to a variety of a-0-glucosides, a-0-galactosides, and a-L-fucosides is thereby provided. Applications of the method in the synthesis of several human blood group antigenic determinants is described together with other synthetic uses of sugar imidates.
A nonparticipating group at C-2 is necessary if a 1 ,2-cis-disaccharide is tobe obtained. Easily available 2, 3,4,6-tetra-0-benzyi-D-glucopyranose (2) was transformed in one step (85%) into 2, 3,4,6-tetra-0--benzyl-a-D-glucopyranosyl chloride (Z) using N, N-dimethylchloroformiminium chloride. When a benzene solution of Z was stirred at room temperature with N-methylacetamide, silver oxide, di-isopropylethylamine,and a molecular sieve (4 Ä ), the imidate . §.was obtained. When Hllnig's basewas omitted1 1-0-acetyl-2 1 31 4 1 6-tetra-0-benzyl-ß-D-glucopyranose (~) and ,2. were isolated from the reaction mixture. The role of the non-nucleophilic base is to trap the hydrochloric acid1 thus avoiding acid hydrolysis of the imidate ~. The stereospecificity of this reaction may be attributed to z BnOUOBno --BnO + OAc OBn a push-pull mechanism at the surface oftheinsoluble silver oxide. The condensation is general for a variety of ß-imidates and this new class of carbohydrate derivatives displayed interesting chemistry.
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lt was considered that 1-0-imidyl-ß-D-sugars might be useful precursors of a-D-glycosides1 according to the following scheme:
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The new glycosylation reaction was next explored for the stereospecific and high-yielding syntheses of complex naturol oligosaccharides. The human blood group B antigenic determinant was selected for synthesis and the imidate procedure was first applied to a variety of stereospecific a-L-fucosylations and a-D-galactosylations. The successful application of the imidate procedure to the stereospecific chemical synthesis in high yield of the human blood group B antigenic determinant is illustrared in the annexed scheme. Although the stereoselectivity is poor, the yield is an encouraging feature, as we may expect better selectivity with less reactive secondary hydroxyl groups. lndeed, condensation of ~ with 1 ,2:5,6-di-0-isopropylidene-a-D-glucofuranose (30) gave the disaccharide 52 (88%) and only a minute amount ( <5%) of ß-disaccharide was isolated. Furthermore, the alcohol 22 reacted stereospecifically in one hour at room temperature with crude 51 to give the disaccharide 53 (83%, yield not optimised). The imidate 56 condensed (4 h at room temperature in benzene) with the alcohol i to give the disc.ccharide 57 (91 %) and with the alcohol 30 to give the disaccharide ~ (83%); no ß-disaccharide was isolated from either of these two condensations.
--Only limited results have been obtained so far using the imidate procedure for the synthesis of a-glycosidically linked 2-acetamido-2-deoxy sugars. The imidare 59 was alkylated to give the sensitivesalt 60 which, in turn, without isolation, was condensed with 1 ,2:3,4-di-0-isopropylidene-a-D-galactopyranose (4.) to provide, stereospecifically, the disaccharide ~ in satisfactory yield (60%), Unfortunately, secondary hydroxyl groups are not sufficiently reactive.
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Me Thus, by the mediation of acetonitrile, aryl imidates provide a new stereospecific synthesis of N-glycosides of unusual typessuch as 65, 67, and 68. lt is possible that 1-0-imidyl-ß-D-sugars may be useful precursors of a-thioglycosides, sugar phosphates, and polysaccharides. Such reactions are currently under investigation in our Iaboretory.
During our current work on rhe chemical synthesis of human blood group antigenic determinants or structural units (Lee and Led), it was necessary to develop a synthesis of appropriately substituted derivatives of N-acetyllactosamine using a coupling procedure. The low reactivity of H0-4 of 2-acetamido-2-deoxy-D-glucose derivatives (4c 1 chair conformation) has hampered such syntheses in the post and required the use of the more reactive 1,6-anhydro derivatives (Ref. 17) . Wehave solved this problern by selection of the glycosylation conditions and using an appropriately protected alcohol.
Glycosylation conditions were studied using acetobromogalactose and, from the foregoing comments, a side reaction would be expected if silver salts are used as a catalyst. On the other hand, mercuric cyanide, although satisfactory, is a concurrent nucleophile in the reaction. We found that acetobromogalactose (or acetobromoglucose) condensed with various alcohols in boiling dichloroethane, in the presence of mercuric bromide and a molecu lar sieve (4 A), the yield of ß-glycosides being >85% as a ru Je. A significant example is provided by the synthesis of the disaccharide 70 (84% from !..! and acetobromoglucose). On the other hand, the critical influence of the nature of the substituents on the reactivity of H0-4 is illustrated in the next scheme, which demonstrates that ethers are very appropriate substituents resulting in an excellent yield of Iactosemine and that acetylation of H0-6 does not hamper the reactivity of H0-4. The possibility of preparing N-acetyllactosamine derivatives in excellent yield, in combination with the imidate procedure, opens a route of synthesis to some oligosaccharides of biological significance. An example is provided by the high-yield synthesis of the trisaccharide 72 from the easily available alcohol ZJ.
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